of RCC was made based on intraoperative and highly suggestive pathological findings. In this study, we retrospectively analyzed the 53 pathologically confirmed RCCs. Twenty-five male and 28 female patients harbored these lesions; the ages of these patients at the time of surgery ranged from 11 to 68 years (mean 37 years).
Clinical Evaluation
All patients were interviewed to obtain a detailed history of their illness, and complete physical and neurological examinations were performed. Specific notations were made regarding the three predominant symptoms and signs, that is, neurological, endocrinological, and visual. The mean duration of follow-up review in these patients was 31 months (range 2-95 months).
Endocrinological Evaluation
Neuroendocrinological examinations of anterior pituitary function were performed in all patients preoperatively, approximately 6 weeks postoperatively, and at varying times thereafter. They included determinations of the following hormone levels: serum prolactin, growth hormone, folliclestimulating hormone, luteinizing hormone, thyroid-stimulating hormone, and adrenocorticotropic hormone. All patients also underwent thyroid function tests, which included measurement of serum thyroxine levels and triiodothyronine uptake, and adrenal function tests, which included measurements of morning and evening serum cortisol levels. Panhypopituitarism was defined as a decrease in two or more of these hormonal parameters.
Neuroimaging Evaluation
Fifty patients underwent MR imaging and 23 patients CT scanning. Magnetic resonance imaging was performed with the aid of a 1.5-tesla superconducting system. Both T 1 -weighted spin echo with or without enhancement by Gd-DTPA and T 2 -weighted fast-spin echo images were obtained with a 2-to 3-mm slice thickness for axial, coronal, and sagittal images.
Histological Examination
Specimens obtained at surgery were fixed in 10% buffered formalin, embedded in paraffin, and cut into sections. For light microscopy, the tissues were stained with H & E.
The individuals who performed all the histological analyses were blinded to any clinical information.
Case Management
Forty-five patients underwent surgery via the transsphenoidal approach and eight via the transcranial approach; total cyst removal was achieved in 27 patients, partial removal in nine patients, and aspiration plus cyst wall biopsy in 17 patients. In six patients in whom the cyst recurred, the second operation was performed transcranially in three and transsphenoidally in two patients; in one patient, a second operation was performed via the transcranial route and a third procedure via the transsphenoidal approach. No radiation therapy was given after surgery.
Statistical Analysis
Predictive factors thought to be related to the recurrence of an RCC were analyzed using the univariate model. Categorical variables (sex, preoperative headaches, visual or endocrinological symptoms, hormonal abnormalities, cyst location, SI and enhancement on MR images, surgical approach, extent of cyst removal, and pathological features) were compared by performing the Fisher exact test. Continuous variables (patient age, duration of preoperative symptoms, and size of the cyst) were compared by applying the Pearson chi-square test. Variables that achieved statistical significance within the univariate model were subjected to a multivariate analysis by applying multiple regression with a probability value lower than 0.05 constituting the threshold of significance.
Results

Clinical Features and Surgical Outcomes
The duration of symptoms before diagnosis ranged from 3 days to 156 months (mean 14 months). Headache was the most common initial symptom, occurring in 43 cases (81%). In 19 patients headache was the only symptom, whereas in 24 it was accompanied by other symptoms. Visual impairment occurred in 25 patients (47%), a disturbance of visual acuity in 19 and visual field defects in 17. Symptoms of apoplexy were present in four patients. Endocrine disturbances occurred in 16 patients (30%); these were usually in the form of diabetes insipidus, which was found in seven patients. Four patients had galactorrhea and four had amenorrhea or oligomenorrhea. On hormonal had normal or improved visual acuity after surgery, whereas the remainder experienced no change. Of the 17 patients with preoperative visual field defects, 10 (59%) had normal or improved visual fields postoperatively. All patients with apoplectic episodes were asymptomatic postoperatively. Amenorrhea and galactorrhea were endocrinological symptoms that showed remarkable improvements, whereas diabetes insipidus showed improvements in only 29% of the patients who presented with the disease. Postoperative hormonal studies revealed that five (71%) of seven patients with preoperative panhypopituitarism showed no improvement, whereas hyperprolactinemia was markedly reduced or reached normal levels in 10 (77%) of 13 patients. Patients with hypothyroidism or hypocortisolism had poor outcomes; their improvement rates were 20 and 17%, respectively (Table 1) .
Neuroimaging Features of RCC
The cyst size was defined as the largest preoperative cyst diameter, which ranged from 5 to 40 mm (mean 17 mm). Two cysts were located entirely in the suprasellar region, 18 were entirely intrasellar, and 33 were intrasellar with suprasellar extensions. All cysts were smoothly contoured and well circumscribed. Forty-seven cysts were unilobular, four were dumbbell shaped, and two were multilobular. Preoperative neuroimaging diagnoses included RCC in 30 patients, pituitary adenoma in 19 patients, and craniopharyngioma in four patients. The densities of the cysts on CT scans were variable. Of the 23 CT scans reviewed, the cyst was isodense with respect to the gray matter of the brain in seven patients, low density in 11 patients, and high density in five patients. One of the lesions displayed a rim of calcification around the cyst wall. Contrast-enhanced CT scans demonstrated one cyst with nodular enhancement, one with peripheral rim enhancement, and 21 with no enhancement.
In the 50 MR images that were reviewed, the signal characteristics of the RCCs were also highly variable ( Table  2 ). The most common pattern was a high SI on T 1 -and T 2 -weighted images, followed by a low SI on T 1 -weighted images and a high SI on T 2 -weighted images. In 14 patients, the enhancement was noted after Gd-DTPA had been administered. Rim enhancement was observed in 13 patients and nodular enhancement in one. In eight (67%) of 12 patients with squamous metaplasia and stratified squamous epithelium, a rim enhancement pattern was observed, whereas in only five (12%) of 41 patients without squamous epithelium was any rim enhancement apparent.
Operative Features
A solid component within the cyst wall was observed intraoperatively in 30 patients; there was a calcification in three of these patients.
Information on the content of the cyst was available in 49 of the 53 patients ( Table 3 ). The contents were variable, ranging from a clear CSF-like fluid to a brownish, muddy inspissated material. Colorful cyst contents (yellow, green, or brown) were common and together with white and purulent contents were present in 38 (78%) of 49 patients. A common consistency of the cyst content was mucoid or gelatinous; this was observed in 36 cases (73%). Seven patients who were treated via the transsphenoidal approach experienced intraoperative CSF leakage. Only in these patients was the sella turcica packed with tissue. There was no CSF leakage or packing of the sella turcica in patients who experienced recurrence.
Postoperatively, transient diabetes insipidus was noted in seven patients in whom total cyst removal had been achieved and in five patients in whom only a biopsy had been performed. There were three patients with permanent diabetes insipidus; in two of these the disease appeared after total cyst removal and in one after biopsy only. No postoperative CSF leakage was observed in these patients.
Pathological Features
An epithelial lining with various morphological features was evident. The most common form of epithelium was pseudostratified columnar with or without ciliation. Squamous epithelium, including focal squamous metaplasia, was noted in 23% of cases. Changes caused by chronic inflammation were present in the walls of 32% of the cysts. Only one cyst was found to have calcification in the cyst wall on pathological examination. Hemosiderin pigmentation was observed in the cyst walls of six patients, indicating the presence of blood products within the cysts. Cholesterol crystals were present in the cyst walls in 14 patients (Table 4) .
Recurrence and Independent Predictors of Recurrence
Recurrence was defined as a definite lesion detected by neuroimaging after total removal of the cyst or a residual cyst that increased in size after partial removal or a wall biopsy. Cyst recurrence occurred in six patients (11%).
In the six recurrent cysts (Table 5) , the cyst size varied at presentation from 12 to 30 mm (mean 19 mm). One of the cysts was intrasellar, one was suprasellar, and the other four were intrasellar with suprasellar extensions. In one patient, the lesion displayed a low density with rim enhancement on the CT scan. Magnetic resonance images were available for review in all six cases of recurrence. In two patients the lesion displayed a high SI on T 1 -and T 2 -weighted images with rim enhancement; in two patients the cyst displayed an isointense SI on T 1 -weighted images and a high SI on T 2 -weighted images with rim enhancement; in one patient the cyst displayed a high SI on T 1 -weighted images and a low SI on T 2 -weighted images with no rim enhancement; and in one patient the lesion displayed a low SI on T 1 -weighted images and a high SI on T 2 -weighted images with no enhancement. The time until recurrence ranged from 4 to 30 months. For the initial management of the disease, five of the six underwent aspiration and cyst wall biopsy, and one underwent partial removal of the cyst via the transsphenoidal route. Squamous epithelium was found in three of six cases of recurrence.
In both the univariate and multivariate analyses, enhancement on MR images, extent of removal (gross-total removal or partial removal), and presence of squamous epithelium, including squamous metaplasia, had a significant correlation with cyst recurrence (Table 6 ).
Discussion
Symptomatic RCCs may be more common than previously suspected. Rathke cleft cysts have been reported to occur in patients of all ages with a mean age ranging from 40 to 50 years; 3,31 our study showed a similar age distribution. Although RCCs have been believed to be more common among women and girls, 8, 31 there was no significant sex difference in our series.
In our series, headache as an isolated symptom occurred in 44% of patients in whom headache was a presenting symptom; 95% of these isolated headaches disappeared postoperatively. One might suggest that if headache is the only symptom in RCC, good postoperative results can be achieved; postoperative relief of headaches was noted in 70 to 80% of reported cases 3, 31, 48 and in 93% of our series. Our recovery rates of visual symptoms were 68% for visual acuity and 59% for visual field defects. These rates are comparable to those in the series of El-Mahdy and Powell 7 but lower than those in the other reports dealing with pituitary macroadenoma. 41 We suggest that this is possibly because there was more chronic inflammation in RCCs than in pituitary macroadenomas. Actually, in our series, changes due to chronic inflammation were present in the walls of 32% of the cysts. Our detailed presentations of endocrine deficits in RCC have certain characteristics. Among the endocrine disturbances based on adenohypophysial dysfunction, hyperprolactinemia was most common (77%). This incidence was also relatively higher than those given in previous reports. 7, 13, 15, 17, 25, 43 Along with the high incidence of visual disturbance, these results might imply that in our series the cysts were large enough to compress the infundibulum. Only two (29%) of seven patients in our series with preoperative panhypopituitarism showed some improvement. This poor result has been supported by two other authors. 32, 46 Recovery from diabetes insipidus has also been disappointing, 32, 46, 48 echoing our experience in which only two (29%) of seven patients did improve. Such poor endocrine prognosis has been hypothesized to be due to chronic pressure, which causes more damage to the anterior pituitary gland 3 and a progressive inflammation of the adenohypophysis or neurohypophysis. 10 Hama, et al., 10 have suggested that the inflammation might extend into the adjacent adenohypophysis or neurohypophysis and overwhelm the hypophysis, resulting in panhypopituitarism in patients with an RCC. In contrast, the apparent postoperative reduction in prolactin levels may be due to the restoration of hypothalamic dopamine inhibition or a possible compromise of adenohypophysial function. 19 The MR imaging features of RCCs have been reported by several authors, and these characteristics are also quite variable and may be inconclusive. 4 44 Three main MR imaging patterns of SIs for RCCs were noted in our series and each pattern was found in 22 to 26% of the patients. This variety of SIs on MR images may be attributed to the composition of the cyst contents. 1, 12, 18, 31, 32 In the first group a low SI was seen on T 1 -weighted images and a high SI on T 2 -weighted images, which represents the SI of CSF. A histological examination revealed a singlecell layer cyst, which was associated with this intensity pattern on MR images. 18 In the second group a high SI was observed on both T 1 -and T 2 -weighted images. Nemoto and colleagues 26 have suggested that the amount of mucopolysaccharide in the mucoid material influences the MR imaging intensity in this type of cyst. In the third group a high SI was observed on T 1 -weighted images and a low SI on T 2 -weighted images. This type of finding may indicate the presence of old blood. 44 It has been postulated that the number and activity of secretory cells, the presence of chronic inflammation and squamous metaplasia in the cyst wall, and the rate of cell desquamation determine the biochemical nature of cyst contents and, hence, the SI they display on MR images. 18 Rim enhancement after Gd-DTPA injection was observed in 14 of our patients. This thin rim of peripheral enhancement sometimes seen with RCC has been ascribed to changes due to squamous metaplasia, inflammation, or deposition of hemosiderin or cholesterol crystals in the cyst wall. It has also been described in cases in which a circumscribed area of pituitary tissue is peripheral to the cyst. 27, 28, 40 Nevertheless, in addition to circumferential displacement of the pituitary gland, there are many reports of one-directional displacement-inferiorly, anterosuperiorly, superiorly, or laterally sent an enhancement of the cyst wall itself. We think that chronic inflammation of the cyst wall and conversion to squamous epithelium are the mechanism of the enhancement seen on MR images. Enhancement on MR images was observed in 67% of patients with squamous epithelium, whereas enhancement was only seen in 12% of those without squamous epithelium. Okamoto, et al., 28 have suggested that CT enhancement occurs when stratified squamous epithelium or inflammation is present in the cyst wall.
The operative findings of RCCs were also variable; we found a wide spectrum of cyst contents ranging from clear material that was similar to CSF to contents that were purulent or colorful, and from watery to caseous or inspissated in consistency. An intraoperative finding of yellow-green mucoid material that has been evacuated from a cyst that lacks an associated intracystic soft-tissue mass and has an inner wall that is smooth and transparent is suggestive of an RCC. 13, 43 Severe inflammation in the supportive tissue of the cyst epithelium or hemorrhage in the cyst cavity, however, will result in the wall becoming irregular and opaque, which is suggestive of the possible presence of an intracystic mass. Ikeda and Yoshimoto 13 reported that nodular substances were intermingled in four cases of classic RCC and these proved to be solid polysaccharide masses, based on strongly positive periodic acid-Schiff staining. The solid polysaccharide with mucoid material may also be a causative factor in the signal heterogeneity of the cyst on MR imaging. In one case in our series, a newly detected intracystic mass within the recurrent RCC was pathologically confirmed to be a papillary craniopharyngioma. Biopsy of the cyst wall is indispensable in such atypical cases to achieve a final diagnosis.
Histological features that distinguish a craniopharyngioma from an RCC are the stratified squamous epithelium and chronic inflammation that appear in a craniopharyngioma, and the cuboidal or ciliated columnar epithelium that is found in an RCC. A distinction between RCCs and craniopharyngiomas is not always clear, however, because RCCs can be lined by squamous epithelium, even with keratinization, as demonstrated by 12 of our patients as well as by previously reported cases, 16, 23, 42, 48 and an intense inflammatory reaction has been observed in 70% of RCC specimens. 11, 23, 45 In our series, chronic inflammation was present in the walls of as many as 32% of the cysts. The pathological characteristics of craniopharyngiomas, such as calcification, hemosiderin pigmentation, and cholesterol crystals, were also observed in our series. Conversely, craniopharyngiomas may have cilia and a focally columnar epithelium with goblet cells; 9, 16 these lesions are entirely cystic in 50 to 60% of cases. 23 In fact, several investigators who used light and electron microscopy have also described intrasellar and suprasellar epithelial cysts that could be considered mixed forms of craniopharyngioma and RCC. 16, 23, 42 The reported cases of RCC recurrence after surgical treatment suggest that at least some of these cysts behave biologically as craniopharyngiomas. 14, 23, 29, 48 Fager and Carter 8 have proposed that RCCs and craniopharyngiomas might contain overlapping histological features, more so in the case of recurrent RCCs. Based on tissue-culture studies, Yoshida and colleagues 48 have posited the existence of transitional cells with characteristics of both secretory and squamous cells.
Based on these findings, one may consider that RCCs and craniopharyngiomas may form a spectrum of cystic lesions that range from the benign to the aggressive and are located in sellar and suprasellar areas, with some degree of overlap.
Recurrence rates are commonly known to be low for RCCs, and these rates have been reported to lie between 5 and 10%. 43 The recurrence rate of 11% (six of 53 patients) in our series is somewhat higher than these reported rates; however, some authors have found a rate of 19% 38 or 33%, 24 both of which are much higher than the rates found in our study and in the literature. 43 In our study, we identified three factors that might predict an increased risk of cyst recurrence: enhancement on MR images, extent of removal (gross-total removal or partial removal), and the presence of squamous epithelium. Because enhancement of the cyst wall might be due to the changes of squamous metaplasia and inflammation, as mentioned previously, the presence of enhancement on MR images, as a risk factor for the recurrence of RCCs, is thought to be related to the presence of squamous epithelium, the other risk factor.
It has been suggested that the presence within the cyst of a solid lesion consisting of stratified squamous epithelium increases the risk of a recurrence.
14,23, 48 Yoshida and colleagues 48 and Matsushima, et al., 23 consider these lesions to be a neoplastic mixture of an RCC and a craniopharyngioma. Ikeda and Yoshimoto 13 have classified cases of RCCs into classic RCCs and transitional RCCs, based on the appearance of the cyst wall and the predominance of squamous epithelium in a resected specimen. Those authors reported that the proliferative index of squamous epithelium is higher than that of simple and pseudostratified epithelium, and that squamous epithelium becomes dominant in the cyst wall, eventually leading to the displacement and disappearance of simple epithelium. 13 They have also suggested that ciliated and goblet-cell craniopharyngioma may be formed by the progression of an RCC, which is stimulated by hemorrhage into the cyst and a severe inflammatory reaction around the cyst, and that some papillary craniopharyngiomas might be derived from metaplasia of the RCC. 13 In our series, 60% of cysts with squamous metaplasia and 43% of cysts with stratified squamous epithelium were found to have chronic inflammation of the cyst wall, whereas 27% of cysts with nonsquamous epithelium had chronic inflammation. Actually, pathological findings of chronic inflammation were found in all cases of recurrence. These observations suggest that inflammation within and surrounding the RCC epithelium in the present cases may represent a reactive response to the cyst contents. Mucus is recognized as a strong tissue stimulant. 10 After several regenerations of the cyst wall against inflammation, a rearrangement of the injured epithelium occurs, resulting in a stratified columnar cell layer with or without hyperplasia. 20 Under some circumstances, these regenerated cells can transform into metaplastic squamous cells, 20 resulting in a histological profile that is indistinguishable from that of a craniopharyngioma.
In one case in our series the cyst, which had a simple cuboidal epithelium, foci of squamous metaplasia, chronic inflammation, and hemosiderin pigmentation, recurred as in a craniopharyngioma 43 months after the first operation, which included a wall biopsy and simple drainage. Because complete surgical removal was not attempted during the first surgery, there was the possibility that a craniopharyngioma was coincidental to an RCC. After gross-total cyst removal was achieved in the second operation, however, the pathological findings of the specimen revealed no simple cuboidal epithelium, as observed earlier. We speculated that the cuboidal epithelium might have progressed into squamous metaplasia by the mechanism mentioned earlier; however, recurrence of cysts lined by a single layer of cuboidal or columnar epithelium has also been reported. 22, 29, 31 Because incomplete surgical removal was often the case, it may be more appropriate to consider such recurrences as reaccumulations of cyst fluid, at least in some instances.
Fager and Carter 8 recommended that a symptomatic RCC be treated by the full evacuation of its contents and by a liberal opening of the cyst wall along with drainage, biopsy, and histological analysis of the cyst wall to exclude the possibility of a neoplasm; this was accepted to be an adequate therapy for RCC. 2, 3, 7, 31 In our series, however, incomplete cyst removal was a risk factor for recurrence. A simple opening of the cyst may easily lead to its reformation due to cyst wall healing, reaccumulation of the cyst contents, and an epithelium that contains many secretory cells. Eisenberg and associates 6 have emphasized the importance of removing as much of the cyst wall as possible after removal of the fluid, because two of their patients experienced recurrence after simple aspiration of fluid. Moreover, in the case in which atypical pathological features were present, that is, squamous epithelium, chronic inflammation, and an intracystic nodule, there may be hidden coincidental neoplastic lesions or a cyst progressing toward a neoplastic condition. We suggest that the surgeon create as wide an opening as possible and multiple biopsies along the cyst wall, especially in a case in which squamous metaplasia is found on examination of frozen tissue. An obvious intracystic nodule should be kept in mind during the operation, unless a preoperative serious endocrinological abnormality such as panhypopituitarism exists. Special attention should be paid to the follow-up examination.
Conclusions
Our extensive study shows that RCCs have a wide range of clinical presentations and sometimes confusing intraoperative and pathological findings. It also demonstrates that some recurrent cysts have the histological features of a craniopharyngioma. Therefore, patients with an RCC that includes squamous epithelium require multiple biopsies of the cyst wall to evaluate the extent of the excision; special attention is critical in follow-up examinations for the detection of tumor regrowth.
